It is now well established that the U.S. housing market crisis preceded the labor market crisis and that, in the wake of these crises, doubling up and cohabitation increased and homeownership fell. What is less clear, however, is what happened at the subnational level. This article reports on (1) how the length, severity, and relative timing of both the housing and labor market crises varied by metropolitan statistical area (MSA), and (2) the association between the timing of these crises and changes in homeownership and doubling up at the MSA level. The analysis uses data on 353 MSAs, with a focus on 12 MSAs, for the period from 2005 (precrisis) to 2011. MSAs are categorized into those where the housing market declined first, those where the labor market declined first, and those where the events were concurrent. The analysis reveals that (1) in the majority of MSAs, the labor market declined first, contrary to the national pattern and the experience of the vast majority of large MSAs;
exceptions is Las Vegas. In Las Vegas, the rise in nominal housing prices during the boom (150 percent) was not quite as large as that for some other West Coast cities (in both Los Angeles and San Diego housing prices increased more than 200 percent), and the decline in housing prices during the bust was considerably larger than the decline for these counterparts (62 percent in Las Vegas versus around 40 percent in both Los Angeles and San Diego). 10 Some studies have also looked at the subnational variation in the timing of housing booms and busts. 11 A study by Todd Sinai is the most relevant here, because it looked at both the timing of the most recent housing boom and the timing of the housing bust, and drew comparisons with the housing cycle of the 1980s. 12 Interestingly, the study found that the timing in MSAs of the most recent housing bust was more closely concentrated than that of the previous bust, with many peaks around 2007 and 2008 but still a good deal of heterogeneity. Unlike the present article, however, the study did not look at more finely grained (quarterly) data or consider variations in the timing of events in the labor market relative to the housing market by MSA.
Extensive evidence also points to substantial heterogeneity in employment conditions at the subnational level during the latter part of the 2000s. MSAs that were especially hard hit by the labor market crisis, as measured by Bureau of Labor Statistics (BLS) local area unemployment rates, include Detroit, Las Vegas, Los Angeles, and Miami. With the notable exception of Detroit from this set, these MSAs also experienced the housing bubble. 13 This is to be expected given the strong relationship between the health of the housing sector and the level of construction employment. 14 Although less attention has been paid to regional variations in the timing of employment crises, Howard Wall conducted one such study. 15 Wall examined the timing of economic expansions and employment downturns for a small number of cities. He found that these cities experienced these events at around the same time the nation did; however, in line with Sinai's conclusion regarding variation in the timing of housing crises at the MSA level, Wall still identified quite a bit of dispersion.
In addition, a few previous studies have sought to explicitly link changes in the housing market and/or the labor market during the recent crisis to changes in household formation at the MSA level. 16 For example, Timothy Dunne used MSA-level data on people ages 18 to 34 to investigate the correlation between household formation (e.g., headship rates 17 and number of households) and labor market conditions and the correlation between household formation and housing prices. 18 Although he found that doubling up is associated to some extent with both a weak housing market and a weak labor market, he did not probe further. Gary Painter also used data on 80 MSAs from the American Community Survey (ACS) for the period 2005-2008 to examine changes in household headship, homeownership, and overcrowding within a dwelling for MSAs grouped by immigrant status. 19 His study found that headship rates and overcrowding rose while homeownership declined for all groups examined, although to differing extents.
Finally, it is worthwhile pointing to a few studies that have used MSA-level data to investigate associations between the housing crisis and other outcomes. Lisa Dettling and Melissa Kearney, for instance, used MSAlevel data to examine the relationship between variations in housing prices and fertility during the recent crisis. 20 In addition, a number of studies have looked at spillover and contagion effects of the foreclosure crisis that accompanied the burst of the housing bubble. 21 To sum up, this article builds upon earlier studies of subnational housing and labor markets and documents geographic differences in the timing and severity of the housing and labor market crises of the late 2000s. It then takes a further step and examines associations between these crises and household formation.
Data and methodology
The analysis uses data on 353 MSAs, with a focus on 12 MSAs, for the period from 2005 to 2010 (and, where data were available, to 2011). 22 The rationale for the selection of these specific MSAs is discussed shortly. Table  1 summarizes the key indicators for household formation and housing and labor market conditions, along with their data sources. Labor market conditions are principally measured using BLS data on nonfarm payroll employment. 23 Overall conditions in the housing market are measured using the FHFA House Price Index for single-family units. 24 In the analysis, the index is set to 100, with 2005 as the base year. These data are available at the quarterly level through 2011. Previous studies examining changes in overall housing conditions across MSAs have similarly used these data or relied on a smaller set of MSAs included in the Case-Shiller
indices. 25
Some attention is also focused on foreclosures, given the acute impact they had on particular housing submarkets (e.g., subprime lending). Foreclosures are measured using proprietary data obtained from CoreLogic, which includes 85 percent of foreclosures and first lien loans. 26 CoreLogic defines a foreclosure as a situation in which an owner's right to a property is terminated, usually because of default. The foreclosure rate is calculated here as foreclosures per number of loans (multiplied by 100). Foreclosure data are available at the monthly level, although in many of the analyses they are aggregated to the quarterly (or annual) level for comparisons with data from other sources. For all nonannual data, seasonal adjustment is undertaken using a locally weighted regression. 27
Variable
Definition Source (2) the number of nonrelatives living in family households as a percentage of total number of people residing in family households. 28 For completeness, the article also examines homeownership rates, defined as the percentage of households that are owner occupied. In interpreting these measures, homeownership rates reflect the investment component of housing demand
whereas rates of doubling up provide information regarding consumption demand for housing (e.g., need for shelter). Finally, the article also looks at trends in the number of unmarried (opposite-sex) partner households as a percentage of total households. This latter measure differs from doubling up in that it provides information about the marriage versus cohabitation decision. Although cohabitation rates have been experiencing a secular increase, economic conditions also play an important role, given evidence that couples are more likely to defer marriage until they are able to afford it. 29
The empirical analysis proceeds in two parts. First, the severity and relative timing of the housing and labor market crises are examined for the 353 MSAs for which complete data are available. This analysis uses quarterly data from second quarter 2005 through fourth quarter 2011. 30 This analysis further focuses on the experience of 12 MSAs with distinct differences in the relative timing of their housing and labor market crises.
The second part of the analysis investigates the association between the housing and labor market crises and changes in homeownership and doubling up. In this second portion of the analysis, the quarterly data on the housing and labor market variables are annualized to match the annual data available in the ACS.
Descriptive analysis
National picture. To provide context for the analysis of MSAs, figure 1 presents information on national U.S. In terms of the timing of the housing and labor market crises, figure 1 shows the well-known story for the United States: the start of the housing crisis, as defined by the fall in housing prices, preceded the downturn in the labor market. This is also the sequence of events for a number of the largest, but not the majority of, MSAs.
MSA-level picture: an overview. Figure 2 illustrates annual trends in employment and housing conditions for all MSAs had experienced rising employment and housing prices even before 2007. 33 Table 2 shows that, between 2007 and 2010, housing prices fell on average by nearly 10 percent across the 353 MSAs. This average decline is slightly lower than that for the nation as a whole (see figure 1 ), because these estimates are unweighted and thereby reflect the fact that housing prices declined less in smaller MSAs. 34 Notes:
Variable
Note: These data are unweighted. "Housing crisis first" MSAs are those where the housing market turned downward four or more quarters before the labor market did; "labor market crisis first" MSAs are those where the labor market turned downward four or more quarters before the housing market did.
Omitted MSAs are those where the housing and labor market crises occurred "concurrently" (defined as less than four quarters difference in timing) and those where peaks could not be clearly identified. Sources: U.S. Bureau of Labor Statistics, Federal Housing Finance Agency, CoreLogic, American Community Survey, and authors' calculations. households. The fraction of unmarried households also rose over the period 2007-2010, in part because of the rising secular trend, but also because of weak economic conditions. 35 Finally, table 2 shows that homeownership rates fell in conjunction with both the decline in housing prices and the rise in foreclosures.
Although suggestive, these aggregate data mask substantial subnational variation in the severity, duration, and timing of the crises; these data also obscure the considerable heterogeneity in changes in doubling up and homeownership at the subnational level.
MSA-level analysis: timing of the housing and labor market crises. The analysis identifies the start of each crisis by examining quarterly data from 2005 to 2011. A crisis in the housing market is identified when housing prices, a measure of overall housing conditions, peak in a given quarter and then turn downward. 36 Similarly, a crisis in the labor market is identified when employment peaks in a given quarter and then falls. In the case that either the housing price or the employment series has multiple peaks, the peak used is the one that precedes the Next, the analysis uses a "four-quarter rule" to identify the MSAs that had clearly different experiences regarding the timing of the crises. MSAs are categorized as "housing crisis first" if the housing market turned downward four or more quarters before the labor market did. MSAs are categorized as "labor market crisis first" if the labor market turned downward four or more quarters before the housing market did. As found earlier, the number of MSAs in which the labor market crisis occurred first was slightly larger than the number of MSAs in which the housing market crisis occurred first: 67 versus 55, respectively. 38 The analysis next looks at the experience of 12 selected MSAs. From the set of "housing crisis first" MSAs, the largest five MSAs (by employment) were selected: these are the MSAs that encompass New York City; 
MSA
where %ΔX it is the annualized percent change in employment (or housing prices) for the ith MSA in quarter t,
and σ xi is the standard deviation of %ΔX within the ith MSA for the period 2005-2011. be seen by observing that the housing price series turns from green to red earlier (at least four quarters earlier, as specified) than does the employment series. Nonetheless, even among these six MSAs, there is still considerable variation. Las Vegas and San Diego experienced similar timing and relative magnitudes of change in housing prices and employment. Both saw housing prices peak well before employment peaked, and their housing price declines were relatively stronger compared with the eventual employment declines. Further, employment in Las Vegas had not picked up by 2011, 41 and, as seen in figure 5 , none of these six housing markets looked strong in 2011. By contrast, the situation in Washington, DC was considerably better, especially for the labor market, most likely because of the substantial number of public sector jobs which tend to be more recession proof. Table 2 also provides supplementary information on foreclosure rates. As would be expected given the differential trends in housing prices, foreclosure rates rose considerably more in "housing crisis first" MSAs.
Trends in household formation. The final part of the analysis examines the association between the housing and labor market crises and household formation and homeownership by MSA. Table 4 One explanation for why correlations between the crises and household formation are so weak at the MSA level may be that the preceding analysis does not take into account the fact that, as seen earlier, the housing and labor market crises occurred at different points in time in each MSA. For instance, even among "housing crisis first" MSAs, some MSAs continued to experience rising housing prices through 2007, while others had already begun to experience price declines. So, a final important step in the analysis is to match the substantive period (recall that figure 1 could be subdivided into four substantive periods) and the date. Table 5 takes a case-study approach for two representative MSAs: Las Vegas (housing crisis first) and Dallas (labor market crisis first).
Because household formation is also studied, annual data for the period 2005-2010 are used. These data are divided into three substantive periods of interest: (1) from 2005 to the first market's peak, (2) from the first market's peak to the second market's peak, and (3) from the second market's peak to 2010. (Recall that a peak defines the start of a crisis.) In the case of Las Vegas, these substantive periods translate into the following three time frames: (1) from 2005 to 2006 (where 2006 refers to the housing market peak), (2) from 2006
(housing market peak) to 2008 (labor market peak), and (3) 
Notes:
Note: Housing and labor market peaks are identified in figures 5 and 6 by quarter and then reassigned to the relevant calendar year. A peak is used to define the start of a crisis. Sources: U.S. Bureau of Labor Statistics, Federal Housing Finance Agency, CoreLogic, American Community Survey, and authors' calculations.
First consider the Las Vegas MSA. In period 1, employment and housing prices were rising at annual rates of 4 percent and nearly 8 percent, respectively. At the same time, homeownership was rising at an annual rate of nearly 2 percent, and both average household size and the percentage of nonrelatives living in family households were falling. Increases in the homeownership rate may reflect rising investment demand for housing, whereas declines in doubling up may reflect an increase in the consumption demand for housing. In period 2 (housing market crisis only), employment growth slowed compared with the previous period, while housing prices fell by 15 percent annually and the foreclosure rate rose dramatically. 43 In this period, the homeownership rate fell by 2 percent annually and average household size rose by 1.7 percent annually. While the percentage of nonrelatives living in family households continued to fall (rather than rise, as might be expected), the percent decline in period 2 was, nonetheless, smaller than the decline in period 1. The percentage of unmarried households continued to rise, although, surprisingly, at a lower rate. Finally, in period 3, with both crises underway, employment fell by 2.7 percent annually and housing prices declined even more than they did in the previous period, falling by nearly 19 percent annually. And, as would be expected, the percentage of nonrelatives living in family households rose, as did the percentage of unmarried households. Household size also continued to increase, although not by as much as it did in period 2. In Dallas, a "labor market crisis first" MSA, changes in housing conditions and employment were far more modest, consistent with figure 6 (which generally showed less severe crises for this MSA type). During period 2 (labor market crisis only), employment fell by just 1.3 percent annually, and there was only a modest decline in the homeownership rate (1.7 percent annually). Turning to changes in doubling up, there is no clear pattern;
while household size was virtually unchanged, the percentage of nonrelatives living in family households increased considerably. 44 In period 3, when the housing market declined, the fall in housing prices was slight (just 1 percent annually) and employment was growing again. The pickup in employment may explain concurrent declines in period 3, in both household size and the percentage of nonrelatives living in family households. Although this exercise suggests that isolating associations with the use of information on substantive timing is a potentially useful strategy for understanding housing decisions, it is important to keep in mind that these are just that-associations. downward before the labor market did, this is the first study to look at the relative timing of these crises at the subnational level. The analysis showed that, contrary to the national pattern, in a slight majority of MSAs the labor market turned downward first.
MSAs where the housing market declined first have some distinct characteristics: (1) they are some of the largest areas (e.g., New York and Washington, DC) and are more often located on coasts; and (2) they experienced some of the most substantial downturns in the housing and labor markets, whether measured by the length of the crises, by the magnitude of the decline in housing prices or employment, or by the rise in foreclosures. Along with earlier work on the recent housing crisis, 45 this article deepens our knowledge about the considerable heterogeneity in the experiences of MSAs, a phenomenon which is obscured when looking at the national picture or at just a handful of well-publicized MSAs.
The article also examined the association between changes in the housing and labor markets and changes in doubling up and homeownership. Declining housing prices were found to be strongly associated with declines in homeownership, especially in those MSAs where the housing crisis occurred before the labor market crisis.
However, the association between changes in doubling up and the housing and labor market crises was found to be fairly weak at the MSA level. One explanation for this surprising finding is that the timing of the crises differed considerably across MSAs, necessitating more refined analyses. This study is just a first step in this 32 These figures were calculated by aggregating available monthly and quarterly data to the annual level. 33 As emphasized in this article, the timing of each crisis varied considerably by MSA, so the choice of 2007 is only for convenience of presentation. 34 Using weighted and unweighted MSAs, Sinai also points to a similar pattern of findings in his comparison of the severity of housing declines. (See Sinai, "House price moments in boom-bust cycles.") 35 Kreider, "Increase in opposite-sex cohabiting couples." 36 More precisely, a crisis is identified when the series growth rate from quarter to quarter changes sign, indicating a switch from growth to decline. 37 An alternative strategy is to identify the primary housing or labor market peak on the basis of the magnitude of the change in prices (or employment) rather than on the basis of duration. Most MSAs experienced multiple housing price peaks after the main downturn in their housing markets. However, because these housing price fluctuations were usually small in magnitude and duration, the first housing price downturn marked the peak of primary interest. 38 Besides MSAs excluded on the basis of the "four-quarter rule," some additional MSAs were omitted from the set of "housing crisis first" and "labor market crisis first" MSAs to enable the subsequent annual analysis. Omitted MSAs also include those for which the period from peak to trough or from trough to peak could not be clearly identified. Clear identification of the period requires (1) one unit of time before the first peak in housing prices or employment, (2) one unit of time between peaks, and (3) one unit of time after the second peak in housing prices or employment. (A unit of time refers to a quarter or a year, depending on the analysis.) The omitted group includes a number of smaller MSAs and Boston. Boston, for example, saw housing prices peak in the summer of 2005 and employment peak in 2008. When the data for Boston were aggregated to annual rates of change to include household information, Boston no longer contained a prepeak period and was therefore dropped.
